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Abstract 
Review of literature has shown variability in the normative data of maximum phonation 
time (MPT). It is attributive to procedural inconsistency in implementation of maximum 
phonation task including the number of trials used and the calculation method for MPT. There 
has been no research conducted for the effect of resonant voice on MPT. The present study 
aimed to determine the differences in the use of averaged MPT value and the longest MPT for 
evaluation of MPT performance. It also aimed to examine whether the use of resonant voice 
facilitated a longer MPT. Thirty two non-dysphonic subjects were assigned into two groups: a 
control group receiving vocal hygiene instructions and an experimental group receiving 
resonant voice training. Each subject performed ten MPT trials for each of the stimuli /m/ and 
/a/ before and after the training. Result revealed that the averaged MPT values and longest 
MPT values were significantly different. The averaged MPT data had a significant reduction 
in the group with resonant voice training after training. Such effect was not shown by the 
longest MPT data. This result suggested that averaged MPT and longest MPT have to be 
considered together as they are supplementary to each other. The reduction in MPT with the 
use of resonant voice suggested that resonant voice is not recommended for MPT tasks, yet 
further research has to be done for confirmation. 
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Introduction 
 Maximum phonation time (MPT) is the longest time that an individual can sustain a tone 
after a deep inhalation (Colton, Casper & Leonard, 2006). It has been a common clinical tool 
for voice assessment (Beckett, 1971; Finnegan, 1985; Ptacek & Sander, 1963) and has been 
used to differentiate severity levels of dysphonic subjects (Ma & Yiu, 2006). MPT is 
considered useful to examine the phonatory and respiratory coordination (Solomon, Garlitz, 
& Milbrath, 2000; Treole & Trudeau, 1997) and is found to have a strong correlation with 
oral airflow rate (Yu, Ouaknine, Revis & Giovanni, 2001) but not with the respiratory vital 
capacity (Solomon, Shannon, & Milbrath, 2000). However, the use of MPT has been 
controversial due to the great variability of the normative data obtained in a range of studies 
and a lack of procedural consistency (Larson, Mueller, & Summers, 1991; Neiman & Edeson, 
1981; Reich, Mason & Polen, 1986; Reich, Mason, & Polen, 1986; Soman, 1997; Sorensen & 
Parker, 1992) 
 
Variability in the normative data of maximum phonation time 
 The normative data of MPT of adult population obtained in several studies varied largely 
across and within studies. The MPT values of male adults ranged from 9.3 to 62.3 seconds 
(Hirano, Koike & von Leden, 1968; Ptacket & Sander, 1968; Yanagihara & Koike, 1967). 
The MPT values of female adults were found to range from 6.2 to 40.4 seconds (Hirano et al., 
1968; Ptacek & Sander, 1968; Yanagihara & Koike, 1967). The variability is possibly due to 
several contributive factors in experimental procedures that included methods of elicitation, 
data collection and analysis method (Lee, Stemple, & Kizer, 1999).  
 
The Possible contributing factors 
Intensity and frequency controls are one of the factors that lead to variations in MPTs 
(Lee, Stemple and Kizer, 1999; Neiman and Edeson, 1981). In addition, the methods for 
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elicitation of MPT, for examples, the provision of verbal instructions, coaching, abbreviated 
task model or full task model affected MPT performances differently (Soman, 1997).  
The number of trials used for elicitation of MPT is another factor which varied across 
studies. Clinically it has been common to use three to five trials for elicitation (Yanagihara & 
Koike, 1967; Yanagihara & von Leden, 1967; Prathanee, Soew, Ponganyakul & Sae-Heng, 
2003). However, Neiman and Edeson (1981) reported that only 50% of modeled subjects 
were able to achieve the longest MPT by the third trial, and they also found that 95% of the 
modeled subjects reached MPT by the tenth trial. Stone (1983) also reported that the group 
data showed increases in MPT up to the 15th trial, which is the highest trial number reported.  
Meanwhile, Kent, Kent, and Rosenbek (1987) argued that the improvement of prolongation 
over as many as 15 trials prompt the question the validity in ‘maximum’ performance 
measurement. Kent et al (1987) further commented that though there is practice effect on the 
maximum phonation task, repeating trials to ten or more may lead to vocal fatigue and may 
be an inefficient use of clinical time regarding the information obtained.  
The calculation of MPT also varied across studies, Eckel and Boone (1981) selected the 
longest of two trials, and other investigators used the longest of three trials (Fendler & 
Shearer, 1988; Hufnagle & Hufnagle, 1988; Soman, 1997; Tait, Michel, & Carpenter, 1980) 
while Rastatter and Hyman (1982) took the mean of five trials. With the presence of practice 
effect in MPT task, however, little attention has been paid to the averaged MPT value which 
possibly balances the practice effect of performance over repeated trials.  
Therefore, the current study will investigate the number of trials required to obtain the 
longest MPT upon consistent verbal instruction, full task model, and loudness and pitch 
controls; and it will also investigate the difference in the use of averaged MPT value and the 
longest MPT value for evaluation of the maximum phonation performance.  
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Resonance and MPT 
 Among the aforementioned possible contributive factors, a majority is experimental 
procedural manipulations. Very little is known between the correlation of voice use and MPT 
despite intensity and frequency have been recognized to influence MPT performances. The 
impact of other parameters of voice, including resonance, on MPT performances has not been 
explored. 
Resonance is a vocal component which is a result from the amplification of voice along 
the vocal tract, which includes the larynx, pharynx, oral cavity and nasal passages. A resonant 
voice is defined as a voice production which involves oral vibratory sensations, which are 
usually on the anterior alveolar ridge or higher in the face (Stemple, Glaze, & Gerdemann, 
2000). A research study compared the voice quality of twenty four female teachers with 
hyper-functional voice disorders before and after receiving resonant voice therapy, and 
observed that the subjects phonated with “more normal vocal fold adduction and better vocal 
fold vibration and lowered phonation threshold pressure” (Chen, Hsiao, Hsiao, Chung, & 
Chiang, 2007, p. 423). Meanwhile, there was no significant difference for MPT and airflow 
rate before and after the resonant voice therapy. Yet the results should be handled with 
caution as there was no control group for comparison of therapy outcome. 
The reduction in phonation resistance of a resonant voice is hypothesized to facilitate the 
MPT performance. Although there seemed to be no difference in MPT after resonant voice 
therapy in subjects with voice disorders, the validity of the result was questioned due to the 
methodological flaw. The current study aimed to compare the MPTs obtained from the 
non-dysphonic subjects using a usual voice and a resonant voice, and to illustrate how 
resonance may contribute to MPT and to address the correlation of resonance and MPT. 
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Methods 
Participants 
 Thirty two non-dysphonic subjects (16 males and 16 females) without any previous 
experience of vocal training participated in this study. All subjects were native Cantonese 
speakers recruited from the first-year and second-year from the Division of Speech and 
Hearing Sciences of the University of Hong Kong and the social circle of the investigator 
(third-year and fourth-year students from the Division of Speech and Hearing Sciences were 
excluded from this study due to their acquired voice-related knowledge and training). All 
subjects were nonsmokers, and reported no history of speech, language or respiratory 
disorders, no oro-facial abnormalities, and had adequate hearing ability. The subjects were 
randomly allocated into two groups: Group I (N = 16; female = 8, male = 8) – group without 
resonant voice training but vocal hygiene instructions; Group II (N = 16; female = 8, male = 
8) – group with resonant voice training. The mean age of the control group, Group I, was 
23.74 years (S.D. = 3.05, range = 20-30 years) and that of the experimental group, Group II, 
was 22.17 years (S.D. = 2.28, range = 20-29 years). Independent t test revealed that the two 
groups were not statistically different in age (t = 1.65, df = 30, p = 0.11).  
 
Procedure 
Subject eligibility was determined via an interview using a questionnaire to obtain the 
medical history and smoking habit of the subjects (Appendix A), and a perceptual voice 
evaluation done by the investigator based on their conversational speech samples during the 
interview to ascertain the absence of any voice problems. The subjects were then randomly 
assigned to the two groups.  
Subjects participated in a one-and-a-half hour session individually in a sound-treated 
room. The session consisted of three parts: (i) a MPT task; (ii) 30-minute resonant voice 
training provided for subjects from Group II and instructions on vocal hygiene for subjects 
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from Group I; (iii) the same MPT task in which the subjects from Group II performed with 
the acquired resonant voice. 
 
Measures and equipment 
 During the MPT tasks, the MPT performance and exterior vibration of resonance were 
recorded simultaneously. 
 
MAXIMUM PHONATION TIME  
In the beginning of the MPT task, subjects were given identical verbal task instructions 
(Appendix B) and full task model, in which the investigator demonstrated the MPT task with 
her maximum effort following a maximum inspiration. The subjects were required to prolong 
a nasal /m/ and a vowel /a/ for 10 repeated trials respectively (total repetitions = 20). Three 
trials were allowed for each subject to familiarize with the task. The order of stimuli /m/ and 
/a/ was counterbalanced so that each group consisted of eight subjects producing /m/ first and 
eight subjects producing /a/ first. Subjects were provided with about 20 seconds of rest period 
between the MPT attempts and water was given after every five attempts to avoid any vocal 
fatigue. 
A handheld microphone was placed at each subject’s mouth with a 
mouth-to-microphone distance of approximately 15 cm. The microphone was calibrated with 
the Dr. Speech version IV software which was used for recording the microphone signals and 
for real-time intensity and pitch control. Pitch and intensity variations within ±10% range 
were considered acceptable.  
All subjects went through the same MPT task after training or instructions. These 
subsequent MPT performances attained comparable (±10%) intensity and pitch levels as 
recorded in the MPT task before training.  
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EXTERIOR VIBRATION MEASUREMENT OF RESONANCE  
 The exterior vibration measurement of resonance was detected using three Miniature 
DeltaTron® Accelerometers (Type 4508, manufactured by Brüel & Kjær) (Figure 1). The 
three accelerometers were firmly attached using adhesive tape to three different points 
(Figure 3): at thyroid (0.5cm from the midline of thyroid), nose (on the lateral process of 
nasal septal cartilage right above the nose alar) and the forehead (the point along the midline 
1cm above the eyebrow level). The accelerometers were connected to the Nexus 
Conditioning Amplifier (Type 2693, manufactured by Brüel & Kjær) (Figure 2) where the 
measurements were calibrated and amplified. Readings from the three accelerometers were 
displayed as three channels respectively and recorded using the Chart 5TM software (Figure 4). 
The subjects were instructed to be seated comfortably on a chair and remained unchanged in 
position throughout the session. Before the implementation of the MPT task, the subjects 
were asked to relax for at least one minute with no speaking or head, facial and body 
movement in order to obtain the vibration signals at rest. Three at-rest measurements were 
obtained with about twenty seconds each.  
 
         
Figure 1. The DeltaTron® Accelerometers      Figure 2. The Nexus Conditioning Amplifier 
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Figure 3. A subject with the attached accelerometers on the three detection sites at nose, 
thyroid and forehead.  
 
 
Figure 4. Sample computer screen of Chart 5TM software showing the vibro-tactile signals 
detected at nose (Channel 1), thyroid (Channel 2), and forehead (Channel 3) of a subject 
during the prolongation of the stimulus /m/, which audio signal was displayed in Channel 4.  
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RESONANT VOICE TRAINING 
 The investigator provided the resonant voice training for subjects in Group II. The 
training used in this study was adapted from the Lessac-based resonant voice therapy 
developed by Verdolini (in Stemple, 2000). According to this program, resonant voice was 
defined as voice production involving oral vibratory sensations, usually on the anterior 
alveolar ridge, or high in the face in the contact of easy phonation (Stemple, Glaze & 
Gerdemann, 2000). The training session involved explanation of the training goal, instruction 
on training procedures and demonstration of the skills. The training procedures began with 
relaxation, followed by discrimination of resonant and non-resonant voices which were 
demonstrated by the investigator. The training began with an isolation of /m/, and progressed 
up with an increasing complexity of hierarchy with gliding of /m/-/a/, and eventually 
performed with an isolated /a/ vowel. During the training, the subjects were asked to evaluate 
their vibratory sensations during the use of resonant voice and feedback from the investigator 
which was based on the perceptual judgment was given.  
 
INSTRUCTIONS ON VOCAL HYGIENE 
 The investigator provided the vocal hygiene instructions for subjects from Group I. The 
instructions were adapted from the Voice Therapy Instructional Manual developed by Yiu and 
Ma (2001). Vocal abusive behaviors and good vocal habits were identified and explained with 
reasons.  
 
DATA ANALYSIS 
The MPT and resonance measures were analyzed by the investigator. For MPT, the free 
Audacity sound edit software was used for segmentation of the waveform of the audio files 
recording by the Dr. Speech software. The starting point and ending point of the prolongation 
were determined visually and only the section with stable intensity (intensity variations 
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within ±10% range of the mean intensity measured) was included (Figure 5). The duration 
was calculated automatically by the Audacity software up to six decimal places. The averaged 
MPT and longest MPT for a stimulus for each subject were derived by taking the mean value 
and the maximum value of the ten trials respectively.  
For the resonance measures, a five-second segment of the most stable vibration signals 
were selected in each of the three at-rest periods and the ten prolongation trials for each 
stimuli for each subject. The averaged vibration signals for a stimulus and at-rest period for 
each subject were determined by taking the mean value of the ten trials of phonation and 
three trials of at-rest sections.  
 
 
Figure 5. Sample computer screen of Audacity software showing a waveform of a 
prolongation of stimulus /m/ and the segmentation (darkened portion) and the selection 
duration (in the blanket on the bar at the bottom) calculated by the software.  
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RELIABILITY OF THE SEGMENTATION PROCEDURES 
Since the segmentation of MPTs and the vibration signals involved visual judgment, 
reliability of the analyzing procedures had to be established. One hundred and twenty eight or 
10% of a total of 1280 MPT recordings (10 /m/ repetitions at pre-training +10 /a/ repetitions 
at pre-training + 10 /m/ repetitions at post-training + 10 repetition at post-training = 40; 40 
repetitions x 32 subjects = 1280) and 148 or about 10% of a total of 1472 vibro-tactile signals 
( 3 at-rest signals at pre-training + 20 signals of prolongations at pre-training + 3 at-rest 
signals at post-training + 20 signals for prolongation at post-training = 46; 46 signals x 32 
subjects = 1472) from four randomly selected subjects were reanalyzed by the investigator 
two weeks after the first analysis. They were also reanalyzed by another independent judge. 
Thus, intra-rater and inter-rater reliability were evaluated.  
 
Result 
Intra-rater and inter-rater agreement for signal segmentation for MPT recordings and 
resonance measurement 
Of the 1280 prolongations of /m/ and /a/ produced by the subjects, 10% or 128 samples 
were remeasured by the investigator and an independent judge respectively using Audacity. 
Of the 128 re-segmentations, 117 or 91.4% were within ± 0-0.1 s of the first judgments; six 
or 4.7% were within ±0.2-0.5 s of the first judgments, and five or 3.9% were within ±0.6-1.7 
s of the first judgments. For the re-segmentations performed by the independent judge, 116 or 
90.6% were within ± 0-0.1 s of the first judgments; six or 4.7% were within ±0.2-0.5 s of the 
first judgments, and six or 4.7% were within ±0.6-1.7 s of the first judgments.  
For the 128 remeasured samples, the average difference from the original judgment of 
duration was 0.1 s for both the intra-rater and inter-rater re-measurements. Standard error, a 
measure of the expected variation in score upon repeated administrations of a test, was 
determined for the 128 re-segmentations. The standard error was calculated by dividing the 
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standard deviation of the data set by the square root of the total number of subjects (McCall, 
1994). The standard error for duration measurement was 1.0 s (SD = 5.61, square root of total 
number of subjects (N=32) = 5.66). Therefore, the actual variation between the first and 
second segmentation was considerably less than the standard error, which indicates good 
intra- and inter-rater reliability of the phonation data.  
For resonance measurements, of the 1472 vibro-tactile signals collected, 10% or one 
hundred and 48 samples were remeasured by the investigator and an independent judge 
respectively using the Chart 5TM software. Of total re-segmentations performed by the 
investigator, 132 or 89.2% were within ± 0-0.2 mV of the first judgments; twelve or 8.1% 
were within ±0.3-0.5mV of the first judgments, and four or 2.7% were within ±0.6-1.2mV of 
the first judgments. For the re-segmentations performed by the independent judge, 129 or 
87.2% were within ± 0-0.2 mV of the first judgments; twelve or 8.1% were within 
±0.3-0.5mV s of the first judgments, and seven or 4.7% were within ±0.6-1.2mV of the first 
judgments.  
For the 148 remeasured vibro-tactile signals, the average differences from the original 
judgment were 0.12mV and 0.14mV for the intra-rater and inter-rater re-measurements 
respectively. Standard error for the resonance measures was 0.18mV (SD = 1.00, square root 
of total number of subjects (N=32) = 5.66). Therefore, the actual variation between the first 
and second segmentation was considerably less than the standard error, which indicates good 
intra- and inter-rater reliability of the vibration data.  
 
The difference between the use of mean MPT values and longest MPT 
Table 1 lists the mean values, standard deviation, and range of mean MPT and that of 
longest MPT for the group with no resonant voice training and the group with resonant voice 
training. Values in this table represent the MPT produced by each subject over the total of 10 
trials. Large ranges for each group and stimuli combination were observed, which indicates a 
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large degree of inter-subject variability. Furthermore, all the values dropped at post-training 
session and the decreases ranged from 0.62 seconds to 4.49 seconds. 
Table 2 lists the results of repeated t tests which compared the mean MPT values and 
longest MPT values of the groups with and without resonant voice training using stimuli /m/ 
and /a/ at pre-training and post-training periods. Since there were eight t tests performed for 
the mean and longest MPT values, a Bonferroni adjusted alpha level of 0.0063 (0.05/8) was 
applied in each case to avoid any possible type I errors. The longest MPT values were 
significantly larger than the mean MPT values in all the eight within-group comparisons 
(p<0.0001). 
 
The number of trials required to obtain the maximum phonation time 
An examination of individuals’ data was conducted to determine at which trial among 
the ten trials of phonation recorded the longest MPT with each of the /m/ and /a/ stimuli. The 
details of trial number at which each subject achieved the longest MPT for /m/ and /a/ at pre- 
and post- training sessions were shown in Appendix C. Such results are summarized in Table 
3 and displayed graphically in Figure 6 to demonstrate the frequency distribution. A great 
variation was observed within and between subjects. The trials with the three highest 
frequencies were the first (21/128), second (16/128) and tenth (16/128) trials. Meanwhile, 
53.91% (69/128) of subjects achieved the longest MPT by the fifth trial.   
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Table 1. The mean values (in seconds), (standard deviation) and (range) of the mean MPT 
and longest MPT of the two groups for stimuli /m/ and /a/ at pre- and post-training periods.  
 
 
Group 
 
 
Stimuli 
 
 
Measures 
Pre-training Post-training 
Mean (S.D.) 
(Range) 
Mean (S.D.) 
(Range) 
Group with no 
resonant voice 
training 
/m/ Mean MPT 17.99 (6.88) 
 (6.88- 35.25) 
16.52 (5.91) 
(7.39- 26.95) 
 Longest MPT 22.10 (9.30) 
(7.32- 42.67) 
20.47 (8.63) 
(8.67- 35.00) 
/a/ Mean MPT 16.36 (6.55) 
(5.78- 29.99) 
15.74 (5.48) 
(5.86- 26.03) 
 Longest MPT 20.37 (9.26) 
(6.71- 37.21) 
18.40 (6.80) 
(6.97- 30.28) 
Group with 
resonant voice 
training 
/m/ Mean MPT 17.08 (4.65) 
(11.02- 27.37) 
13.76 (3.46) 
(9.12- 21.53) 
 Longest MPT 20.52 (5.39) 
(13.95- 32.75) 
16.03 (3.99) 
(10.43- 26.67) 
/a/ Mean MPT 17.41 (3.86) 
(12.00- 24.92) 
13.48 (2.85) 
(8.71- 17.68) 
 Longest MPT 20.46 (4.68) 
(13.17- 29.85) 
16.10 (3.03) 
(10.57- 20.97) 
 
Table 2. Overview of the difference between mean MPT and longest MPT values (in seconds) 
using stimuli /m/ and /a/ at pre- and post- training for the two groups 
    Repeated t-tests 
Comparison Group Time Stimuli t df p 
Mean MPT vs Group without 
resonant voice 
training 
Pre-training /m/ -5.63 15 <0.0001 
Longest MPT /a/ -4.76 15 <0.0001 
 Post-training /m/ -4.55 15 <0.0001 
 /a/ -5.98 15 <0.0001 
 Group without 
resonant voice 
training 
Pre-training /m/ -12.94 15 <0.0001 
  /a/ -6.94 15 <0.0001 
 Post-training /m/ -6.80 15 <0.0001 
  /a/ -7.33 15 <0.0001 
Note. Significant at 0.0063 level (two-talied).  
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Table 3. The frequency distribution of trial number at which longest MPT is achieved 
           Trial number  
Time stimuli 1 2 3 4 5 6 7 8 9 10 
Pre- /m/ 5 7 2 2 4 3 2 4 1 2 
Pre- /a/ 8 6 0 3 1 1 1 4 3 5 
Post- /m/ 6 2 4 2 3 3 3 1 4 4 
Post- /a/ 2 1 2 3 6 3 3 3 4 5 
Total frequency 21 16 8 10 14 10 9 12 12 16 
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Figure 6. The distribution of the number of subjects at trials which the longest MPT were 
achieved.  
   
A three-way between-subject and within-subject ANOVA was conducted for MPT as a 
function of stimuli (/m/ and /a/), time (pre- and post-training) and group (the provision of 
resonant voice training) can be seen and the results are as follows. 
 
Effect of resonant voice training on maximum phonation time 
Table 4 shows that for the respective mean MPT and longest MPT data, the ANOVA test 
did not show significant difference between the group with resonant voice training and the 
group without resonant voice training. 
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Table 4. Effect of resonant voice training on mean MPT and longest MPT between the two 
groups. 
Between- subject factor Values df F ratio p 
Group (resonant voice training) Longest MPT 1 0.91 0.35 
Mean MPT 1 0.53 0.47 
 
Main effects and Interaction effects of stimuli, time, and resonant voice training on mean 
MPT and longest MPT  
The Multivariate Pillai’s Trace Test of Significance was used to determine whether there 
was significant result for the main and interaction effects of the factors. It was considered to 
be a robust test against violation of assumptions in multivariate tests (Coakes & Steed, 2001). 
In Table 5, the Pillai’s Trace test results revealed no significant main stimulus effect, i.e. 
there was difference in both the mean MPT and longest MPT data between the stimuli /m/ 
and /a/. A significant main effect of time was also found. The mean MPT values and longest 
MPT values were significantly reduced after training respectively (see Table 5). Significant 
time x group interaction was found in mean MPT data. This interaction effect was not 
significant in the longest MPT data as it was just at the 0.05 level. No other interaction effect 
was found.  
 
Table 5. Main effects of stimulus and time, and the respective interaction effects with resonant 
voice training on mean MPT and longest MPT.   
 Mean MPT    Longest MPT 
Effect Value F  df p  Value F  df p 
Stimulus 0.06 1.99 1 0.17  0.06 2.13 1 0.16 
Time 0.49 28.23 1 <0.0001  0.40 20.64 1 <0.0001 
Stimulus x Time 0.001 0.03 1 0.86  0.00 0.01 1 0.92 
Stimulus x Group 0.67 2.15 1 0.15  0.07 2.23 1 0.15 
Time x Group 0.22 8.59 1 0.006  0.12 4.04 1 0.05 
Stimulus x Time x Group 0.41 1.30 1 0.26  0.002 0.05 1 0.82 
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The quantitative measurement of resonance in voice using accelerometers 
 The vibro-tactile measurement for all subjects at rest was generally consistent at the 
respective detection sites (nose, thyroid and forehead) before and after training as shown in 
Table 6. The at-rest vibro-tactile signals was at an overall average of 2.48mV (S.D. = 0.25).  
Repeated t-test revealed that the vibro-tactile signals during phonation for /m/ and /a/ were 
significantly larger than the at-rest signals (for /m/, t = -7.60, df = 191, p < 0.0001; for /a/, t = 
-9.13, df = 191, p < 0.0001).  
 
Table 6. The Mean vibro-tactile signals and standard deviation at the three detection sites 
measured at rest and at phonation during pre-training and post-training periods.  
  Nose (Ch. 1)  Thyroid (Ch. 2)  Forehead (Ch. 3) 
  Mean (SD)  Mean (SD)  Mean (SD) 
Measures Group Pre Post  Pre Post  Pre Post 
At rest  Group I 2.21 
(0.17) 
2.20 
(0.17) 
 
 
2.54  
(0.13) 
2.58 
(0.15) 
 
 
2.67  
(0.21) 
2.71 
(0.20) 
 Group II 2.16 
(0.12) 
2.11 
(0.11) 
 
 
2.55  
(0.16) 
2.55 
(0.12) 
 
 
2.72  
(0.24) 
2.72 
(0.17) 
          
Phonation 
for /m/ 
Group I 4.53 
(2.73) 
4.38 
(2.72) 
 
 
3.04  
(0.55) 
3.03 
(0.38) 
 
 
2.80  
(0.16) 
2.89 
(0.39) 
 Group II 3.69 
(2.18) 
3.45 
(1.28) 
 
 
2.86  
(0.54) 
3.02 
(0.32) 
 
 
2.96  
(0.58) 
2.94 
(0.36) 
Phonation 
for /a/ 
Group I 2.75 
(0.78) 
2.74 
(0.69) 
 
 
2.95  
(0.46) 
2.91 
(0.31) 
 
 
2.93  
(0.39) 
3.09 
(0.79) 
 Group II 2.43 
(0.31) 
2.54 
(0.51) 
 
 
2.70  
(0.20) 
2.79 
(0.20) 
 
 
2.98  
(0.67) 
2.89 
(0.36) 
 
Main group effect: Effect of resonant voice training on resonance measurements 
 Result of repeated ANOVA revealed no significant differences in vibro-tactile signals 
measured between the group with no resonant voice training and the group with resonant 
voice training (F = 1.29, df = 1, p = 0.27).  
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Main effect and Interaction effect of stimuli, time, sites of detection and resonant voice 
training on resonance measurements 
 A repeated measures analysis of variance (ANOVA) for resonance measurement as a 
function of stimuli, time (pre- and post-training), site of detection and the interaction effects 
with group (the provision of resonant voice training) can be seen in Table 7. The Pillai’s 
Trace results revealed that only the main stimulus effect was significant (p < 0.001). The 
vibro-tactile signals measured for stimuli /m/ were significantly larger than the signals 
measured for stimuli /a/. No significant changes in the signals were found before and after the 
training or across the three sites of detection. Interaction stimulus x site effect was noted (p < 
0.01). No other significant main or interactions were found (see Table 7).  
 
Table 7. Overview of effects of stimulus, time and sites of detection and the interactions on 
resonance measurements 
Effect Value F df p 
Stimulus 0.44 23.48 1 <0.001 
Time 0.00024 0.01 1 0.93 
Site of detection 0.12 1.99 2 0.16 
Stimulus x Time 0.03 0.80 1 0.38 
Stimulus x Site of detection 0.37 8.47 2 <0.01 
Time x Site of detection  0.02 0.34 2 0.71 
Time x Group 0.00003 0.001 1 0.93 
Stimulus x Time x Group 0.0001 0.004 1 0.95 
Site of detection x Time x Group 0.13 2.14 2 0.14 
Stimulus x Site of detection x  
Time x Group 
0.03 
 
0.41 2 0.67 
 
Discussion 
The use of averaged MPT data and longest MPT data 
 Maximum phonation time is traditionally determined by obtaining the longest duration 
among the trials required. Normative data provided by different studies revealed a large 
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inter-subject and intra-subject variability in MPT values. The variability can be partly 
attributive to the practice effect on the maximum performances. Improved performance on 
MPT with repeated trials was reported by Stone (1983). In his study, it has been shown 
increases in MPT up to the 15th trial, which was the highest trial number reported. The large 
intra-subject variability may prompt the question of the validity in MPT measure. Therefore, 
averaging the phonation durations obtained in the total trials performed by each subject may 
balance the practice effect within a subject and provide an idea of the overall performances. 
 The present study compared the averaged MPT value with the longest MPT value and 
significant difference was found. The averaged MPT were significantly shorter than the 
longest MPT for both phonation with /m/ or /a/ for all subjects in the two groups. The 
differences ranged from 2.27 to 4.11 seconds. Therefore, the utility of the averaged MPT 
value may underestimate the maximum phonation duration of a subject when compared to the 
normative data.  
Comparisons were made among the utility of averaged MPT and longest MPT as a 
function of stimuli, time (pre- and post- training) and group (training). The averaged MPT 
and longest MPT data yielded similar results as main effect of time, but not stimuli, was 
found. However, considering the interaction of factors, an interaction effect between time and 
group was seen in the averaged MPT but not the longest MPT as illustrated in Figure 7 and 
Figure 8. Such interaction implied that the resonant voice training had an effect on MPT 
performance which is discussed in the following section. Therefore, if the longest MPT data 
was investigated alone, the information of the interaction effect on MPT would be 
understated. In such case, the averaged MPT revealed the significant effect of resonant voice 
training on the overall performance in the ten trials of each subject on maximum phonation.  
In summary, the averaged MPT data and longest MPT data was significant different and 
the respective data provides valuable information which is supplementary to each other. 
Therefore, the averaged MPT and longest MPT data should be considered in parallel for 
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evaluation of maximum phonation duration test. 
 
10
12
14
16
18
20
22
24
Pre-training Post-training
Time
A
ve
ra
ge
d 
M
PT
 (s
)
Subjects with no resonant
voice training
Subjects with resonant
voice training
 
Figure 7. The averaged MPT of the two groups at pre-training and post-training periods. 
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Figure 8. The longest MPT of the two groups at pre-training and post-training periods. 
 
Effect of resonant voice training on MPT 
 In the current study, results revealed that subjects who received no resonant voice 
training (Group I) and subjects who received resonant voice training (Group II) showed 
significant decreases in averaged and longest MPT at post-training period. The reason for the 
drop was uncertain. It can be suggested that the subjects may be tired or may have vocal 
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fatigue after 20 consecutive MPT trials in the pre-training period and as a result, negatively 
affected the performance on MPT at post-training period.  
 Meanwhile, the interaction between time (pre- and post-training) and group (provision 
of resonant voice training) observed in averaged MPT (as illustrated previously in Figure 7) 
demonstrated the effect of resonant voice training on averaged MPT. Results showed that 
while the averaged MPT decreased in both groups after training, the group with resonant 
voice training (Group II) showed a significant sharper drop than that of the group with no 
resonant voice training (Group I). A possible explanation is that in motor learning of a newly 
taught skill, the automaticity (the relative lack of need for conscious attention during task 
execution) in such skill is comparatively less (Floyer-lea & Matthews, 2004). Such new skill 
requires extra attention for execution whilst concentration for other behaviors is reduced. It is 
confirmed by immediate self-reflections by a number of subjects from Group II, who stated 
that additional attention was paid in attaining a resonant voice during the post-training MPT 
trials and so the concentration for airflow rate control for maximum phonation became less.  
 
Effect of nasal and non-nasal phoneme on MPT 
 No significant differences were observed between the use of nasal phoneme /m/ and 
non-nasal phoneme /a/ in averaged MPT or longest MPT data. Therefore, it can be concluded 
that the use of a nasal or an oral stimuli has no effect on the MPT performance.  
 
The number of trials required to achieve the longest MPT among ten trials 
 The number of trials required to achieve the longest MPT varied greatly within and 
between the subjects. The frequency distribution revealed that the performances were very 
wide-spread and there was no clear pattern. Trials with the highest three frequencies of which 
the longest MPT was achieved were the first, second and tenth (the last) trials. The possible 
reasons are that, subjects who attained the longest MPT at the first or second trials were able 
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to follow the instructions and gave their maximum efforts in the early trials. Then they 
gradually became fatigue and the MPT started to decrease with repeated trials. On the other 
hand, attaining the longest MPT at the tenth trials can be explained by the practice effect with 
repeated trials. From the current study, in general, about 38% (45/128) of the longest MPT 
could be obtained in the first three trials and about 53 % (69/128) and 78% (100/128) were 
obtained by the fifth trial and eight trial respectively. Considering that repeating trials may 
possibly induce fatigue for the subjects and maybe an inefficient use of clinical time relative 
to the value of the information obtained, the current study recommended five to eight trials 
for implementation of clinical maximum phonation test, by which at least 50% to 80% of 
longest MPT can be obtained. This result was different from the result reported by Neiman 
and Edeson (1981) that 50% of subjects achieved the longest MPT by the third trials. The 
difference may be due to the difference in the use of stimuli: the current study used /m/ and 
/a/ while Neiman and Edeson (1981) used /a/ only. It is suggestive for further research. 
 
The usefulness of the accelerometers in quantitative measurement of resonance in voice 
 The present study investigated also the quantification of resonance in voice using the 
accelerometers. The accelerometers measured the vibro-tactile signals at rest were of 
averaged 2.48mV with negligible variation (S.D. = 0.25). This indicated that there were 
consistent environmental influences on the signals yet the environmental effects were 
minimal which considered negligible.  
 The accelerometers measured significant difference (p = 0.001) in the vibro-tactile 
signals obtained during phonations and at rest. This confirmed that the accelerometers were 
able to quantify the vibration generated by the voice. More importantly, the accelerometers 
were able to detect vibrations at the three detection sites (nose, thyroid and forehead) with 
significant differences which were dependent on the stimuli /m/ and /a/ (p < 0.03), as 
illustrated in Figure 9. The vibro-tactile signals at thyroid and forehead generally remained 
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the same for the nasal stimulus /m/ and oral stimulus /a/, while the vibro-tactile signals 
measured at the nose showed significantly greater value with nasal stimulus /m/ than with the 
oral stimulus /a/. The contrast demonstrated that the accelerometers, in particular at the nose 
detection point, reflected the vibration difference in using a nasal stimulus or an oral 
stimulus. 
 Therefore, the vibro-tactile signals measured by the accelerometers can be taken as a 
reference for the quantified values of resonance in voice.  
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Figure 9. Interaction effect between stimuli of /m/ and /a/ and three resonance detection sites.  
 
 Considering the vibration measurements in the two groups with and without resonant 
voice training, there was no significant change in the averaged vibration measures at the three 
detection points before and after the training. It implied that there was no significant increase 
in resonance in voice at the three sites in subjects who received 30-minute resonant voice 
training.  
 One possible explanation for the absence of gain in quantitative resonance measures was 
that the resonance voice therapy implemented was not adequate. Time allowed (30 minutes) 
in the training session may be too short for the subjects to acquire the skills for phonation 
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with increased resonance, or to carry-over and maintain the acquired skills in the MPT tasks 
again after training. 
 
Clinical implication 
 Based on the results of this study as well as a review of the relevant literature, the 
following recommendations are made for clinical practices: 
1. In the implementation of MPT test, the averaged MPT and the longest MPT from the 
repeated trials should be obtained for a complete evaluation of the MPT performance. 
2. Resonant voice is not recommended to be used for MPT tasks, as it does not facilitate 
maximum prolongation and instead, reduces the duration. 
3. With the consideration of factors such as effective use of clinical time and benefit gained, 
five to eight trials are recommended for obtaining longest MPT. It is supported by the 
result of the current study that about 50% to 80% of longest MPT were obtained by the 
fifth to eighth trials, provided that verbal instructions and full modeling are given. 
4. Nasal sound /m/ has no advantage over non-nasal sound in MPT task as no significant 
difference was found between the nasal /m/ and the traditionally used vowel /a/. 
 
Limitations of the study 
 Subjects in this study were 32 young adults whose age ranged from 20 to 30 years. With 
the limited number of subjects and the narrow age range, caution should be exercised in 
generalizing the findings to the general public. 
 The three accelerometers were attached to three positions of the subjects’ head and neck 
throughout the one-hour data collection and certain degree of physical discomfort was 
resulted which may impact on their performance with maximum effort.  
 Within the one-hour data collection, the subjects were required to perform MPT for at 
least forty trials. The large number of repetitions induced various degree of tiredness for 
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different subjects approaching the end of the session. The rest time provided between trials 
was in average of 20 seconds and a mouthful of water was given every five attempts, which 
were reported to be not enough for some of subjects.  
Resonant voice training was provided in the study. However, the time for training was 
only 30 minutes which was insufficient for majority of the subjects to acquire or to maintain 
the newly taught phonation method. In addition, the resonant voice training provided was 
provided by the investigator who was an undergraduate student with limited experience in 
conducting voice training. The effectiveness of the resonant voice training may be limited. 
 
Suggestions on future research 
The present study suggested the use of both averaged MPT data and longest MPT data to 
evaluate the maximum phonation ability. Further study is suggested to explore the difference 
between the two sets of data on prolongation with a large sample size and with a wide age 
range. The effect of stimuli on the two set of data can be further investigated using different 
vowels for example, /a/, /i/, and /u/.  
In the present study, although resonant voice training was implemented, no perceptual 
evaluation after training was collected as a confirmation for the acquisition. In addition, the 
training duration was considered insufficient for acquisition and carry-over. Therefore, future 
research can expand the present study with addition of perceptual evaluation and addition of 
number of training sessions.  
The result of the present study revealed that non-dysphonic subjects produced with a 
significant reduction in averaged MPT using resonant voice while Chen et al (2007) reported 
that hyper-functional voice-disordered subjects performed MPT with no difference before and 
after the resonant voice therapy. Further research can investigate the difference of the 
non-dysphonic and dysphonic groups in the MPT performance in response to the resonant 
voice training.  
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Appendix A 
Screening Forms 
 
1. Questionnaire on medical history and smoking habit (English version) 
 
Name: __________________  Sex: M / F 
Date of Birth: ____________                                        Telephone 
No.: _____________ 
 
1. Do you have a voice problem? (e.g. vocal nodules, aphonia, laryngitis, hoarseness) 
□ Yes, please specify: _________________________ 
□ No, have you ever had a voice problem?  
□ Yes, when? Please specify: _____________________ 
□ No 
 
2. Have you ever had surgery on your larynx? 
□ Yes 
□ No  
 
3. Have you ever received vocal training?  
□ Yes 
□ No 
 
4. Do you smoke? 
□ Yes, when was the last time you smoke? _______________ 
□ No, have you ever smoked?  
□ Yes, when did you stop smoking? _____________________ 
□ No 
 
5. Do you have the following problems? 
□ Hearing loss 
□ Speech disorder 
□ Language disorder 
□ Upper respiratory tract infection 
□ Nasal allergy  
□ Asthma 
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1. 有關病歷及吸煙習慣的問卷 (中文版本) 
 
姓名：__________________  性別：男 / 女 
出生日期：______________                    電話號碼：_____________ 
 
1. 你現在是否患有聲線問題 (例如： 瘜肉, 失聲, 喉嚨發炎, 聲音沙啞)？ 
□ 是, 請說明：_________________________ 
1. 甚麼時候開始有聲線問題？ 
2. 是否就聲線問題接受耳鼻喉科醫生評估/治療？  
a. 何時：______________ 
b. 診斷結果：____________ 
3. 你有否就聲線問題服藥 / 接受任何形式治療？ 
a. 治療形式：____________________ 
□ 否，那你是否曾經患有聲線問題？ 
□ 是，何時？並請說明：_____________________ 
□ 否 
 
2. 你的喉嚨有没有曾經做過手術？ 
□ 有 
□ 没有 
 
3. 你有没有受過聲樂/歌唱訓練？ 
□ 有 
□ 没有 
 
4. 你有没有吸煙的習慣? 
□ 有，那你對上一次吸煙是甚麼時候？_______________ 
□ 没有, 那你以前有没有吸煙的習慣？  
□ 有, 那你甚麼時候開始戒煙？ _____________________ 
□ 没有 
 
5. 你有没有以下的問題呢？ 
□ 聽障 
□ 言語障礙 
□ 語言障礙 
□ 上呼吸系統感染 (例如：感冒、傷風) 
□ 鼻敏感 
□ 哮喘 
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Appendix B 
The verbal instructions for MPT tasks 
 
First trial of each stimulus 
  ‘Take a deep breath, and then say /a/ (or /m/) as long as you possibly can until you 
completely run out of air. While producing /a/ (or /m/), try to maintain your pitch and 
intensity level constant by monitoring the red (i.e. loudness) and blue (i.e. pitch) lines 
on the screen. Now I will demonstrate the task once.’   
 “深呼吸，然後拉長 /a/ (或 /m/)，愈長愈好，直至你完全無晒氣為止。當你拉長 
/a/ (或 /m/)時，你記住保持你既音調同埋音量唔變，即是話要保持呢兩條線係直
的 (指著 Dr. Speech)。好啦，而家我會示範一次。” 
 
Second and the subsequent trials of each stimulus 
  ‘Now do it again and try to prolong /a/ (or /m/) longer this time. Remember to 
maintain your pitch and intensity level constant by monitoring the position of the spot 
on the screen. Okay, you can prepare to start now.’   
 而家再試一次，試下今次可唔以拉長多啲個 /a/ (或 /m/)。記住要保持你既音調
同埋音量唔變。好啦，準備。’ 
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Appendix C 
Trial number (out of 10) at which the Longest MPT was obtained by each subject 
Subjects Pre-training  
with /m/ 
Pre-training  
with /a/ 
Post-training  
with /m/ 
Post-training  
with /a/ 
S1 8 10 9 10 
S2 2 2 6 10 
S3 1 8 4 1 
S4 7 1 2 8 
S5 2 6 1 6 
S6 2 2 1 9 
S7 7 1 3 2 
S8 5 1 8 5 
S9 6 7 10 5 
S10 2 10 3 5 
S11 5 8 7 8 
S12 4 1 5 8 
S13 10 2 1 7 
S14 1 4 9 10 
S15 1 2 1 10 
S16 8 10 10 5 
S17 1 1 1 9 
S18 2 4 10 4 
S19 5 5 4 9 
S20 8 9 5 4 
S21 8 9 7 7 
S22 5 1 1 10 
S23 2 8 9 6 
S24 6 1 3 6 
S25 6 8 7 7 
S26 10 2 6 1 
S27 9 2 6 5 
S28 1 9 5 5 
S29 4 4 3 3 
S30 3 10 9 4 
S31 2 1 2 9 
S32 3 10 10 3 
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